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FOREWORD 

T h i s  report  docw,eats t he  AS-206A Launch Vehicle Operational F l igh t  
Trajectory Dispersion Analysis. 
primarily f o r  es tabl ishing t ra jec tory  parameter envelopes about the 
predicted S-IB and S-IVEI stage end conditions of f l i g h t  and confirmation 
of the  f l i g h t  performance reserve requirement. 
herein was performed by the  kerospye Physics Branch, Chrysler Corporation 
Space Division, under-. NAS8-4016> Modification ISFC-1, mendments 19 and 21, 
as cal led out i n  BE( I t e m  3.1.3-12. 

The data  presented herein i s  intended 

The analysis documented 

i 
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Aerodynamic Heating Indicator  

Aerodynamic Load Indicator  

Altitude 

Angle of Attack 

Earth Fixed Cross Range 

Earth Fixed F l igh t  Path jingle 

Earth Fixed Posi t ion 
Xe, Ye, Ze 

Earth Fixed. Velocity 
Xe, *e,  ze 

= dynamic pressure 
Vr = r e l a t ive  veloci ty  
"t = t o t a l  angle of a t tack  

Product of dynamic pressure and angle of a t tack  

Vehicle a l t i t u d e  above the  referenced 
e l l i p so id  measured along t h e  geocentric 
posi t ion vector 

iingle between the r e l a t ive  veloci ty  vector  
and the  longi tudinal  axis  of the  vehicle 
measured posi t ive nose up 

Ye component of PGCS 10 posi t ion vector 

Angle between the  ear th  f ixed veloci ty  vector 
and the ear th  f ixed posi t ion vector (PksCS 10). 
Measured pos i t ive  downrange from posi t ion vector 

Posi t ion vector components i n  an earth-fixed 
launch centered plumbline coordinate system. 
The Xe ax i s  i s  coincident with t h e  reference 
e l l i p so id  normal pos i t ive  upward. The Ze axis 
i s  p a r a l l e l  t o  t h e  earth-fixed aiming azimuth 
and i s  pos i t ive  downrange. The Ye ax i s  completes 
a r igh t  handed system. (PASCS 10.) 

Velocity vector components i n  PHSCS 10. 

di:+ *e2 + ie 2 Earth Fixed Velocity Magnitude 

F l ight  Azimuth 

Geodetic Latitude 

Ground Range 

Longitude 

Angle defining or ien ta t ion  of the  space f ixed 
coordinate system downrange axis,  Zsr a t  
Guidance Reference Release. Measured pos i t ive  
eas t  of North i n  plane normal t o  the  space f ixed 
XS ax i s  a t  Guidance Reference Release 

Geodetic l a t i t u d e  of the  vehicle posi t ion 
measured pos i t ive  north of t he  equator 

Surface range measured from launch si te t o  
the  sub vehicle point  

Angle between the Greenwich meridian plane and 
the  project ion of t he  geocentric posi t ion vector 
i n  the  equator ia l  plane (Posi t ive west of 
(Greenwich. ) 
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Longitudinal Acceleration 

Pitch, Yaw, Roll 

Space Fixed Cross Range 

Space Fixed Fl ight  Path Angle 

Space Fixed Posit ion 
xs, ys, 2 s  

Space Fixed-Velocity 

Space Fixed Velocity Magnitude 

xs, fs, 2 s  

Time 

Weight 

T h a t  pa r t  of t h e  t o t a l  measurable accelerat ion 
directed along the  longi tudinal  a.xis of the  
vehicle 

Eulerian angles of vehicle a t t i t u d e  measured 
wi th  respect t o  the space f ixed coordinate 
system. 
ordered ro ta t ion  of pi tch,  yaw and roll, 
respectively.  

Ye component of PASCS 11 posi t ion  vector 

Vehicle a t t i t u d e  i s  defined by the 

Angle between the  space-fixed veloci ty  vec tor  
and the radius vector (PASCS 11) measured 
pos i t ive  downrange f r o m  radius vector 

Posi t ion vector components i n  a space f ixe4ear t .h  
centered, plumbline coordinate system. 
a x i s  i s  p a r a l l e l  t o  the reference e l l i p s o i d  
normal, passing through the launch s i t e .  
a x i s  i s  p a r a l l e l  to ,  and pos i t ive  i n  the  same 
d i rec t ion  as the  earth-fixed f i r i n g  azimuth. 
Ys a x i s  completes the  r igh t  handed system. T h i s  
i s  Project Apollo Standard Coordinate System 11. 
(PASCS 11.) 

The Xs 

The ZS 

The 

Velocity vector components i n  PASCS 11. 

2 + zs2 

Instantaneous f l i g h t  time referenced t o  first 
motion 

Weight of the vehicle 
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I 

SUMMARY 

This  report  presents the  AS-206A Launch Vehicle Operational F l igh t  Trajectory 
th ree  sigma f l i g h t  envelope. 
were accomplished by the  root-sum-square (RSS) technique. 
per t inent  t r a j ec to ry  parameter dispersions a t  S-IB/S-IvB physical separation 
and 5-2 engine cutoff s igna l  follow: 

S t a t i s t i c a l  combinations of perturbation e f f e c t s  - Concise summaries of 

S-IB/S-IVB SEPARATION 

FLIGHT SPACE FIXED FLIGHT GROUND EARTH FIXED 
TIME d T I T U D E  VELOCITY PATH ANGLl3 RANGE CROSS RANGE 

(SEC ) (MI (M/S 1 ( D m  ( M I  (MI 
RSS (+) 3.63 Z4l. 39 -70 2 -173 5016. 3350 
RSS (-) 2.43 2113. 38.08 1.965 3514. 266b. 

5-2 ENGINE CUTOFF SIGNAL 

FLIGHT SPACE FIXED FLIGHT GROUND 
TIME ALTITUDE VELOCITY PATH MGJS RANGE 

(SEC) (M) (M/S (MI 

RSS (+) 17.33 602. 1.60 0.026 63388. 

RSS (-) 16.17 601. 1.60 o ,026 65313 

S-IB and S-IVB propulsion system perturbations produce deviations i n  5-2 engine 
mixture r a t i o  (W) shift time. Dispersion envelopes f o r  each propulsion group 
and the t o t a l  envelope a re  presented below. 

5-2 EMR SHIFT TIME DEVIATION 

S-IB PROPULSION S-IVB PROPULSION TOTAL 

38 -78 39 -27 
36 -33 36 -40 

The results of this dispersion analysis reveal t h a t  t he  m&um expected 
var ia t ions  i n  t h e  establishment of the  LVDC time bases a re  

RSS (+) 1.75 3.63 17.33 
RSS (-) 2.05 2.43 16.17 

The S-IVB stage f l i g h t  performance reserve (FPR) f o r  t he  s-X)6A Mission, as 
determined from the  dispersion analysis discussed herein, i s  1307 pounds. 
FPR i s  w e l l  within the SA-206A Launch Vehicle capabi l i ty  presented i n  Reference 11. 

T h i s  

- 3 -  



SECTION 1 

INTRODUCTION 

Launch vehicle performance i s  predictable only within ce r t a in  tolerances.  
Therefore, deviations from a predicted launch vehicle t r a j ec to ry  a re  
expected. 
AS-X)6A Launch Vehicle Operational Trajectory,  a dispersion analysis  
has been conducted and i s  documented i n  t h i s  report .  

In  order t o  e s t ab l i sh  r e a l i s t i c  deviat ion lrimits f o r  the  

The predicted nominal t r a j ec to ry  employed f o r  the dispersion ana lys i s  was 
t h e  Preliminary Launch Vehicle Operational Trajectory presented i n  
Reference 11. 
t o  the operational t r a j ec to ry  t o  be presented i n  Reference 13.  

However, the resu l t ing  f l i g h t  envelope i s  deemed applicable 

The e r r o r  sources considered f o r  the dispersion analysis  are those 
associated with predictions of vehicle charac te r i s t ics ,  vehicle systems 
performances and f l i g h t  environment. 
e r r o r  sources, t h e  ana ly t ic  procedures u t i l i z e d  and the r e s u l t s  a r e  
discussed i n  the  following sections.  

The nominal vehicle and t ra jec tory ,  

- 4 -  
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SECTION 2 

DISCUSSION 

2.1 MISSION DESCRIPTION: The basic purpose of the Apollo-Saturn 206A 
Mission is t o  launch and tes t  a complete, fully loaded LM f o r  ver i f ica t ion  
of LM subsystems operation and LM staging fire-in-the-hole abort  
capabi l i ty .  
i n se r t  t he  S-IVB P IU/Payload configuration i n  a near ear th  85/120 nsut ica l  
mile e l l i p t i c a l  o rb i t .  
Spacecraft  LM Adapter (SLA), and a 25" Nose Cone. 

The rimary objective of the  SA-206 Launch Vehicle i s  to  

The payload consis ts  of a Lunar Module (LM), 

2.1.1 F l igh t  Sequence of Events: 
f o r  this analysis,  i s  presented i n  Table 1. 
performances produce s igni f icant  changes i n  t h i s  nominal sequence of events. 
O f  primary i n t e r e s t  a re  the  events which es tab l i sh  LVDC time bases and 
thus  t h e  subsequent events dependent on these t i m e  bases. 
per t inent  time bases aid associat,ed events follows: 

The nominal f l i g h t  sequence of events, 
O f f  nominal propulsion system 

A discussion of 

T i n i e  Base 2 (TB2): 
sensor actuation or by a back-up LVDC s ignal  i n i t i a t e d  1.75 
seconds a f t e r  t he  precalculated time, i f  a s igni f icant  downrange 
veloci ty  appears, The dependent events a re  inboard engine cutoff 
s igna l  (XECO), which occurs a t  TB2 t 3.2 seconds, interconnection 
of th rus t  O.X. switches and fuel depletion probe arming. 

Established by S-IB stage propellant l e v e l  

Time Base 3 (TB3): 
by actuation of propellant depletion pmbes o r  by a backup LVDC 
s igna l  i n i t i a t e d  4.00 seconds af ter  the precalculated t i m e .  
Pertinent dependent events a re  ullage rocket f i r i n g ,  S-IH retro-  
rocket f i r i ng ,  S-IB/S-IVB separation signal,  J-2 engine s t a r t  
signal, and IGM guidance i n i t i  -+ion.  

Established a t  outboard engine cutoff (OECO) 

T i m e  Base 4 (TB4): 
after Guidance Cutoff Signal (GCS). 
S-IVB stage obtains a predetermined spzce fixed velocity magnitude. 
The s igni f icant  events subsequent t o  T54 are  the  preplanned o r b i t a l  
maneuvers and S-IVB stage venting. 

TB4 i s  i n i t i a t e d  a t  approxlmately 0.2 seconds 
GCS i s  i n i t i a t e d  when the  

It should be noted t h a t  TB2 and TB3 establishments are  nominally dependent 
upon propellant l e v e l  sensor actuations. Therefore, establishment of these 
time bases i s  very sens i t ive  t o  propulsion system perturbations which a f f ec t  
propel lant  flowrate arld thus tank level histories. 

2.1.2 Launch Vehicle and Fl ight  Environment: The nominal SA-2~6 Launch 
Vehicle mass charac te r i s t ics ,  pmpirlsion system charac te r i s t ics ,  and 
vehicle  aerodynamic propert ies  used i n  this analysis  a r e  those presented i n  
Reference 11. Table 2 presents t he  ncminal vehicle weight breakdown. 
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The 1963 Pat r ick  Reference Atmosphere model and the April  wind p r o f i l e s  
presented i n  Reference 4 define the atmospheric proper t ies  used i n  this 
analysis. 

The guidance and control modes defined i n  Reference 11 were incorporated 
i n  each t r a j ec to ry  simulation discussed herein.  

2.2 ERROR SOURCES: Vehicle manufacturing tolerances,  predicted system 
performance inaccuracies and flight environment anomalies a re  sources of 
e r r o r s  which s igni f icant ly  a f f e c t  t r a j ec to ry  predict ions.  
s t a t i s t i c a l  analyses of such e r r o r  e f f ec t s ,  t h ree  sigma deviat ions have 
been establ ished.  
with corresponding references, a r e  displayed i n  Table 3. 

2.3 TRAJECTORY DISPERSIONS : The perturbations invest igated i n  t h i s  
ana lys i s  are assumed t o  be random, independent and normally d is t r ibu ted .  
These assumptions allow appl icat ion of the  mot-sum-square (RSS) 
s t a t i s t i c a l  combination method t o  produce a reasonable t r a j ec to ry  
dispers ion envelope. 

To f a c i l i t a t e  

The th ree  sigma deviations considered i n  t h i s  analysis ,  

Dispersed AS-206 t r a j ec to r i e s  were generated with each of the three  sigma 
deviat ions l i s t e d  i n  Table 3. Effec ts  on per t inent  t r a j ec to ry  parameters 
a t  S-IB/S-IVB stage separation and S-IVB stage guidance cutoff were 
determined and combined as follows: 

+Rss = JW 
-ES = J z ( - A P > ~  , where 

AP - - perturbed parameter - norriinal parameter. 

These RSS values define a reasonable three sigma f l i g h t  envelope f o r  the  
AS-206~ Launch Vehicle Operational Trajectory.  I n  a similar manner, 
u t i l i z i n g  t r a j ec to ry  dispersion data, the  S-IVB f l i g h t  performance reserve 
(FPR) required t o  o f f s e t  t he  combined three  sigma deviat ions was  detennined. 
T h i s  FPR and other  t r a j e c t o r y  dispersion results are presented i n  Section 3 .  

- 6 -  



SECTION 3 

RESULTS 

3.1 TRAJECTORY DISPERSION ENVELOPE: Trajectory dispersion results are 
presented f o r  two events, S-IB/S-IVR stage separation and 5-2 guidance 
cu tof f .  
f o r  t he  following e r r o r  source groups: 

Tables 4-7 and 9-12 present, f o r  each event, three sigma envelopes 

1. S-IB Stage Propulsion 
2. S-IB Stage Non-Propulsion 
3. S-IVB Stage Propulsion 
4.  S-IVB Stage Non-Propulsion 

I n  the  cases where both 
algebraic  signs, only t h e  l a r g e r  e f fec t  was included i n  the  RSS. 

3 si@ia deviations produced e f f ec t s  with l i k e  

Tables 8 and 13 display combined S-IB and S-IVH three  sigma deviation 
envelopes f o r  S-IB/S-IVB separation and 5-2 cutoff,  respectively.  

Analysis results show t h a t  t he  expected extreme deviations f o r  TB2 are 
-2.05 and +1.75 seconds. 
LVDC backup s igna l  c r i t e r i a .  
expected f o r  TB3 a re  -2.43 seconds and +3.63 seconds. 
separation, 5-2 igni t ion,  and IGM i n i t i a t i o n  times are dependent on TB3, 
t h e  maximum expected deviations f o r  these events a re  the same as that of 
TB3. T h i s  f a c t  i s  re f lec ted  i n  Table 8 f o r  S-IH/S-Im stage separation. 

Engine mixture r a t i o  (Em) shift time was found t o  have maximum expected 
deviat ions o f  t-39.27 seconds and -36.40 seconds. 
by S-IB and S-IVB propulsion dispersions, with the  major contributors being 
S-IVB propellant loading er rors .  It i s  found that t h e  m a x h u m  expected var ia t ions  
i n  TI34 a re  +17.33 seconds and -16.17 seconds a s  shown i n  Table 13. 
t i o n s  are primarily due t o  S-IVEI propulsion perturbations.  

The +1.75 seconds deviation i s  r e s t r i c t ed  by the  
Analysis a l so  reveals t h a t  t he  m h u m  deviations 

Since S-IB/S-Im stage 

These deviations are produced 

These varia- 

The error sources prescribed f o r  t h i s  analysis,  Table 3, do not include 
conditions and tolerances which contribute t o  a r e a l i s t i c  vehicle a t t i t u d e  
r a t e  envelope determination a t  S-IB/S-IVB physical separation. Therefore, 
t h e  t o t a l  a t t i t u d e  r a t e  envelope a t  S-IH/S-IVB stage separation has not 
been included i n  Table 8. 
area. 
report .  

Analyses a re  i n  progress t o  evaluate t h i s  problem 
The results of this study w i l l  be documented i n  an addendum t o  this 

During S-IVB stage f l i g h t ,  r o l l  control i s  maintained by t h e  k w d l l a r y  ?ro- 
pulsion System ( U S ) .  Essentially,  this system independently corrects  roll  
a t t i t u d e  e r ro r s  when the e r r o r  signal exceeds one degree. Since this c r i t e r i a  
limits the  r o l l  a t t i t u d e  deviations and no AFS e r r o r s  were considered, the  RSS 
technique i s  not applicable.  T h i s  i s  indicated i n  Table 13. 

- 7 -  



A comprehensive f l i g h t  envelope of per t inent  design parameters during S-IB 
stage f l i g h t  i s  presented i n  Table 14. 

To enhance cursory evaluations of future vehicle systems change ef fec ts ,  
per t inent  S-IB stage performance trade-off f ac to r s  are provided i n  Table 
15. 

3.2 
of the  1307 pound S-IVB stage propellant reserve required t o  o f f s e t  t h e  e f f e c t s  
of t he  three  sigma deviations shown i n  Table 3 .  T h i s  t a b l e  includes individual  
per turbat ion e f fec ts  on S-IVB stage propellant consmed and the  readi ly  applicable 
trade-off f ac to r s .  U t i l i z ing  the  proper algebraic sign, these trade-off f ac to r s  
provide quick estimates of vehicle systems change e f f e c t s  on S-IVEi propellant 
consumed. 

. 
T h i s  t a b l e  of trade-off f ac to r s  i s  applicable a t  S-IB/S-IVEI separation. 

S-IVB STAGE FLIGHT PERFORMANCE RESERVE: Table 16  presents  the der ivat ion 

- 8 -  
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TABLE 1 

AS-X>6A LAUNCH VEHICLE TRAJECTOKY DISPERSION ANALYSIS 
NOMINAL F'LIGHT SEQUENCE OF EVENTS 

NaMINAL FLIGHT TIME 
(MIN :SEC ) 

- 0:05.0 
- 0:03.1 

0 :oo .o 

0:00.2 

0 :10.2 

2:13.8 

2:15.8 

2:19 .O 

2:22.0 

2:23.3 

2:24.7 

2:29.1 

2:35 -7 

2:39 .O 

9:40*5 

9 :40.7 

9:50.7 

( S E C 1  

- 5.00 

- 3.10 

0 .oo 

0 .a 
10.20 

133.76 

135.76 

138 3 6  

1W. .96 

143.26 

144.66 

149.06 

155 969 

158 3 6  

580 946 

580.66 

590.66 

EVENT 

Guidance Reference Release (GRR) . 
I n i t i a t e  S-IB Mainstage Igni t ion Sequence. 

F i r s t  Motion. 

Lift-off Signal. I n i t i a t e  Time Base 1. 

I n i t i a t e  Pitch and R o l l  Maneuvers. 

Enable S-IB Propellant Level Sensors. 

Level Sensor Activation. I n i t i a t e  Tine Base 2. 

Inboard Engine Cutoff ( I E C O )  . 
Outboard Engine Cutoff (OECO) . 
Time Base 3 .  

Separation Signal. 

5-2 Engine S t a r t  Command. 

Activate PU System. 

Je t t i son  Ullage Rocket Motors. 

I n i t i a t e  Active Guidance. 

Guidance Cutoff Signal (GCS). 

I n i t i a t e  Time Base 4. 

Orbit Inser t ion.  

I n i t i a t e  
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TABLE 2 

AS-206A LAUNCH VEHICLE TRAJECTORY DISPERSION ANALYSIS 
NOMINAL VEHICLE WEIGHT BRTSAKDCWN 

Spacecraft 37 313 

S-IVB Stage Ine r t  23,213 
Instrument U n i t  4,200 

Useable Reserve Propellant (Includes FPR) 6,857 
Inject ion Weight 71 583 

5-2 Thrust Decay Propellant Consumed 
S-IVB Cutoff Weight 

S-IVB Mass Depleted 
Ullage Cases 

S-IvE( "90% Thrustff Weight 

S-IVB Thrust  Buildup Prpt. Consumed 
S-IVB GH2 S t a r t  Tank 
Ullage Propellant Consumed 

S-IW Stage Weight a t  Separation 

S-IVB A f t  Frame Hardware 
S-IVB Separation and Ullage Components 
S-IB/S-IVB In te r s  tage 
S-IB Dry Weight 
S-IB Residuals and Reserves 
S-IVB Frost Consumed 
S-IB Frost Consumed 
S-IB Seal Purge Consumed 
S-IB Lubricant (Oronite) 
S-IEi Gearbox Lubricant Consumed 
Inboard Engine Thrust Decay Prpt. Consumed 
Outboazd Engine Thrust Decay Prpt. Consumed 

S-IB Mainstage Propellant Consumed 
To Separation 

Vehicle Li f tof f  Weight 

153 
71,736 

221,485 
220 

293,44J- 

445 
4 

182 
294,072 

30 
4 

6, w1 
83 , 777 
10,813 

100 
1,000 

5 
26 
713 

2,182 

1,768 
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TABLIE 3 

AS-206A LAUNCH VEHICLE TRAJECTORY DISPERSION ANALYSIS 
THEZEE SIGMA DEVIATIONS 

CROUP 

S-IB Stage 
Non-Propulsion 

Environment 

S-IR Stage 
Propulsion 

S-IVB Stage 
Non-Propulsion 

S-IVB Stage 
Propulsion 

Instrument 
u n i t  

I T E M  

Non-Propellant Mass 
Thrust Misalignment (Pi tch)  
Thrust Misalignment (Yaw) 
Thrust Misalignment ( R o l l )  
Axial Force Coefficient 
Axial Force Coefficient 
Center of Gravity Offset (y)  
Center of Gravity Offset (2)  

Headwind 
Tailwind 
Right Cross Wind 
Left Cross Wind 
Atmosphere 
Atmosphere 

High Surface Winds 
Low Surface Winds 
High Surface Temperature 
Low Surface Temperature 
Propellant Mass 
Thrus t  and Flow Rate 
I sp  and Flow Rate 
Engine Mixture Ratio 
Engine Mixture Ratio 

Non-Propellant Mass 
Center of Gravity Offset (y) 
Center of Gravity Offset (2 )  
Thrust Misalignment (Pi tch)  
Thrust Misalignment (Yaw) 

Propellant Mass 
T h r u s t  and Flow Rate 
I p and Flow Rate 
LR Mass 
LO2 Mass 

I n e r t i a l  Measurement U n i t s  

DEVIATION 

+ 310 Pounds 
T 0.62 Degrees 
T 0.62 Degrees 
T 0.62 Degrees 

Minimum 
+ 0.05 Meters 
T 0.05 Meters 

E h u m  

- 
April Maximum 
April Maxhm 
A p r i l  Maximum 
April Maximm 
M a ~ u m  Prof i le  
Minimum Prof i le  

+ 30 Lox Density 
- 3 0  Lox Density 
+ 30 Fuel Density 
- 3U Fuel Densits 

REFERENCE 

1 
1 
1 
1 
2 
2 
3 
3 

4 
4 
4 
4 
5 
5 

6 
7 
8 
9 

T 0.9 Seconds 
2920 Pound Lox Rias 

+ 1290 Pound Fuel Rias 

+ 200 Pounds 
0.05 Meters 
0.05 Meters 
i 1.24 Degrees 
T - 1.24 Degrees 

+ 1% z 3% 

i 1% 
T - 1% 
+ 3.12 Seconds 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

10 
10 
10 
10 
10 

12 

- 12 - 
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